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ABS"."RACT .-

U, S. N•ial Research Laboreatory temorandum Report numher IZ05
presoneed the reoulto ol itntial acoustic toe:. with the interim ARTEMIS
source .rray. This report describes additional tests which were con-
dacted on thu *arne array but with the acoustic preasurs release system
removed. Dieplacenment amplitude and phase of 23 of the 144 trans-
ducor element. wero mnuasured for frequenciev in the band from 250 to
600 'yclcs per second. The testr, reveald that displacament amplitude
and phase v.ried %%i•,:y with element position and operating frequency.
The elements on tho array edges tunded to have higher displacement
.mplt•-Ades a.d phase divt~ontinuitioe than innur elements.

PROBLEM AUTHORIZATION

ONR NR 287 002 (Special)
NRL ProbLorn Number 55302-11

PROBLEM STATUS 5 0
rhi* is an interim report on one phase of the project. Work is
contlnuing.
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INTRODUCTION

An array of 144 electromAgnetic transducer elements was installed on
the USNS MISSION CAPISTRANO (T-AG 164) for the purpose of deter-
mining its acoustic performance. U. S. Naval Research Laboratory
Memorandum Report 1205 presented the results of the initial acoustic
tests. In the period following theme tests the transducer was operated
at limited power in propagation experiments. At that time certain tral- S
functions occurred in the pressure release system which indtcatcd that
further study of the motional rharacteristics of the array wis required.

During the initiaL tests avcelerometers had bean attached to rwo elements
of the transducer array. Although it was recognised that a wider sam-
pling was desirable, time did not permit relocation of the accelerometers.
With the pressure reltase system in place it iq necessary to reverse a S
transducer element Li its mounting in order 1 attach ar# aaco•iietw'
This Is a laborious r.nd time-consuming procedure. :n . to tArli-
tate a wider samplt.•rg of element displacem•onts, *he prep*..&&'o releise
tubes were removec from tht tranisducer for the tests descr•led in this
report, Thus, accelerometers could be attached without reversal of
the elements, With the tubes removed, radiation was no longer con-
finpd to the forward direction.

The transducer elements composing the array are type TR-IIC manu-
factured to NRL specification by Mass& Division, Cobu Electronics,
Incorporated. They are variable reluctance type units. Each element
is 11-1/8 inches square on the radiating face and 11-1/4 inches deep.

They are assembled in modules six elements wide by twelve elements
high, Two such modue,•s were installed on theoarray structure forming

an array composed of 144 close-pa.ked transducer elements, approxi-
mately one wavelength square at the resonant frequency. The installa-
tion is shown in Figure 1.

The six elements in each module row were connected in series
electrically and the twelve rows were connected in parallel. The two S
modules were then connected in parallel in an oil-filled Junction box.
Thus the array consisted of Z4 parallel groups of six series elements.
The dc polarising power as well as the ac power was supplied to this
grouping.

PURPOSE S

The purpose of this experiment was to obtain informatior, regarding
elemeAi•siLacement amplitude and phase as a function of frequency

-S|

• • • •• • •



and eleament position in the array. While time did not permit the
sampling of eich of the 144 elements, an attempt was made to obtain
i rezsonable sample which would be indicative of the behavior of the
entire array. Acoustic response on the reciprocal acoustic axis as
well as the array impedance were also measured for the purpose of
monitoring the transducer performance,

EXPERIMENTAL PROCEDURE

Experiments were conducted during the period of 27 to 28 June 1961 in
the Chesapeake Day near Cape Charles, Virginia, in a water depth of p
90 foot. When operating, the array was submerged to a depth of 36
foet at its center.

Pol.risinp power at ten amperes per element was supplied by a diesel.
driven generator. Signal current was supplied from a 1300 kilowatt
Ling amplifier.

Instrumentation was. provided to measure thu input parameters of'de
polarising current, ac current, voltage, power and frequency. Two
accelerometers weae employed to measure the displacement amplitude
and phase at the radiating faces of the transducer elements and.a moni-
tor hydrophone located 17 feet on the back center-line of the array
measured the acoustic field at that point. ^lthough this hydrophone was
at the furthest point on the array structure back of the two modules, S
it must be rocognised that reflection interference from structural mem-
birs might w-ill affoct the accuracy of measurements at this point. The
proximity of bottom, surface and ship's hull boundaries undoubtedly
aiffect the acoustic field.

Displactment d.tad %ore obtained by means of a pair of R104 acceLero-
moters which were screwed into tappedholes nn the rear faces of the
transducer elements. The dioplacement amplitude and phase of two
,.lt.momts %ere measured is a function of frequency in earh data run.
At the roncluoiun of each run the array structure was raised and the
occulerometers iepositioned. The accelerometers have been calibrated
both in air and in water. The latter has involved both an acoustic and
nonscoustic arab',ent. The output of these units was not affected by the S
ambi.int condit'rons.

EXPERIMENTAL RESULTS

Twelve data runs were completed. In each tun the ac voltage, current,
ard power as well as the accclerometer and hydrophone outputs were

1S
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measured and recorded as the frequency was varied (i 232 indehtents
from 150 to 600 cycles per second. The phase of each accelerometer
output relative to the driving oscillator voltage was estimated to the
nearest ten degrees by observing an oscilloscope presentation with
triggered sweep.

An ac current of 10. 4 amperes and a dc polatrising current of 240
amperes were used throughout all runs. During the first run, data
were also obtained with ac currents of S. 2 and f5.6 amperes. However,
all of the statistical information presented in this report is taken from
data obtained with 10, 4 amperes alteratating current. The two accelero-
meters were repositioned after each run so that displae.'ment data were
obtaines for 23 transducer eloemeate with one element being sampled
twice, Figure A illustrates the element positions that were sa•pled.
Note that the rows of elements are numbered one through twelve frum
top to bottom, and the columns from one thr-ough six from Left to right
for each module. Module serial number six is on the left and five on
tht right as one faces the array. An individual element position is
designated by three numbers, Tho first indicates the module, the
second the row, and the third the column, For esmampie, element poll-
tion number 6-S-3 is in module number six, row five, column three.

Figures 3, 4 and 5 are plots of the resistive, reactive and total trane- S *
ducer impedance respectively. Values are for the entire 144 element
array and are the arithmatic means of the data for each of the twelve
runs. The data are plotted at nominal values of frequencies although
measured values varied as much as sto. 5 cycles per second. The
vertical lines indicate the separation between maximum and minimum
values of amplitude and thus the spread in data, Figure 6 it a vector
impedance locus diagram for these same values. It is evident fromthe
data an Figures 3, 4 and b that there are many secondary resonances.
In addition to 6hose shown, which may be of even higher ampliturdc than
indicated, there probably are others at those frequencies whore there
is a large spread in da;a for the twelve runs.

Filures 7& through 9b illustmate transducer displacement along columne
th es and six and row seven in module number six. The location of
these elements is as ilLustratei in rFiure a. It is to be notd that, in
general, the outer edge elements tend to have Large aisplacemmnts
relative to those in the remainder of the module, and adjacent elements
often have remarkably different displacements. rigure 10, in which
the displacements are averaged for all frequencies in each column and

I3

3 CONFIDENT/AL,

S.

• • •• O •• I
S S0 S . ... S ". .. .



S

CONFIDENTIAL

row, tllustrates the tendency .'r hjigoi disphtcenients of outer elenment..
In the 'hird column the inner eiement' have somewhat higher displace.
ments than those of the sixth column ur seventh row, However, all uf
these elements are in only the third po.ittion from an outer edge.

It should be kept in mind that while each element in a row ti driven by A

the same current due to series connectton, the current for any one row •
might be quite different than in other rows. For instance, all of the
elements in an outer edge row experience a different Loading than those
in inner rows. At certain frequencies, the total impedaecs of ani outer
row could be far different from that (if an inner row and thus be driven
by a lesser or greater current. In general, it would be treasonable to
expect the poorly loaded outer ro-As to have relatively h'igih impodances.

The phase distribution, as illustrated in Figures hII through 13b, is
extremely random and shows littNi consistent pattern ex•cept that the
outer elements, in most cases, t•xlibit a large phase shift relatI•ve to
the adjacent element. It shoutld be noted that, in several instances,
adjacent elements display a full 180 degrees phase difference.

To demonstrate the decree of repeatability of the phase and amplitude
ti.7-6 on two different runs. The results of the two runs are plotted in

Figure 14. The agreemnet appears to be excellent with the exception
of the phase data for the three highest frequencies,

There appears to be no similarity between the data takeu at geometri- •
ially similar element positione. Element positions b6--3 and 6.7.•.
b-b-6 and 6-7-6. as well is b.-.- And 6.8.3 %re in nymtimtric posittiun
but it can be at' eeu from Figuires 7, H. II and 12 that there is no corres-
ponding correlation in phase or amplitude. Positions 6-1.1 and ;.1-6
are atou tyririnetric and displaucement amplitude for these two positions

differed widely. However, the difference, In this case, is not conclu-
sive since the element in position S-.-6 showed evidence of having ai
broken spring,

The large displacement amplitudes evidenced by certain elements at
some frequencies suggest that the acoustic loading is low, In order to
obtain an average value of transducer loading, an rms dimplacement
amplitude for all measured elements -,ans computed at i'-w'h operating
frequency, These values are plotted as a function of free liency in
Figure IS, From monitor hydrophone measurements the radiated power

4 CONFIDENTIAL
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was computed at each frequency. These values are based on a bemt
estirnate of dirticttvity index at each frequency since no directivity pat.
turns were measured. If unity p C loading and uniform velocity over
the transducer face were assumed, the transducer displacement would
be am indicated by the curve in Figure 15. The latter values of displace-
ment appear to be opproximately ZO decibels below the measured values.
The effective average loading is, therefore, 0. 1 pC.: As stated pro. •
viouely, the monitor hydrophone measurements are questionable due to
the proximity of large structural members and surface boundaries to
the hydrophone. The computed vAlue of loading also depends on the
assumed directivity index, Distortion of the acoustic directivity pat-
tern, caused by the varying velocity distribution over the face of the
array, could result in a change in the directivity index from the ideal-
ised value. Because of these factors, the computed acoustic loading S
could be in considerable error, Figure 15 illustrates that the resonant
frequency of the array is lower than 400 cycles per secand whereas it
had been slightly above 400 cps when squash tube reflectors were used.

At the conclusion of the testq, each element was checked to determine
whether failure had occurred during the prior period of operation. As
a result of this test, it was found that 47 of the 944 elements were
probably damaged. Figure 16 illustrates the pattern of the damaged
elements. Each darkened square represents an element which shows
evidence of being damaged. It can be eeoc that the pattern is random.
It is not known when this damage occurred. While most of the tests
described in this report were performed at ton amperes ac drive cur-
rent, currents as high as 15 amperes were used in the first ri4n. The
propagation experiments which preceded these tests were conducted
with 25 amperes current. Twenty-five amperes corresponds to a maxi-
mum total powc.r input of approximately twenty kilowatts at resonance,
or an average input power of 140 watts per element.

The elements displayed varying degrees of damage which might
indicate one or more broken springs.

During the prnpagation experiments a number of the squashed tubes
failed in fatigue and were replaced. In some positions, tht tubes failed
repeatedly. The positione in which tubes failed and the nut ber of times
they failed in that poiition are indicated in the following table.

C
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N•umber of Tube Failtures

Row Modu.le_6 ModuloS.

1 7 1a - I S

9 •

CONCLUSION'IS

Tests of the interim 144 iiemn•,t ARTEMIS array indicate that the
displacement amplitude and phase of individual elements vary widely
with element posltion and opoerating frequency. Elements on the outer
edge tend to have high values of disp'.cernoent and large phase discon-
tinuities relative to ne&.rby &a well. abs ine* olemrnnts. The phase and
amplit-tde distributioc, otbe: wise appears quite random and variations S
are disturbingly lares, The Avirige .Jisplacement is large, indicating
poor acoustic loadind, perhaps as liw as 0. 1 OC when radiating from
buth faces of the array. A pussible cause of the velocity variation is
the oreail dimensions relative to a .aovelength of the individual trans-
ducer eleiments. Minor var-Atiens in displacement roused by differ-
ences in individual elementt or by normal pressure patterns, would be
intensified by a resultant unloading of individual nliments. The eiectri- S
cal series connectinn ir, element rows would further heighten the
velocity variation by eausinp a relatively unloaded element to absorb
more power by reisonr of its increased impedance. Other effects such
as acoustic short circuitinS via water circulation between adjacent

elements might play a tole. It is not kt'own f the siffects will persist
in lai-gar array. The vrintLpal cauesi of the velocity variations are
not distinguishable at this time and the need for further experimenta-
tion is indicated. Thesee experiments should bu cunducted with an array
having the dimension of the final conflguratton since array als mlight
be inflaentiai.
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6th COLUMN MODULE NUMBER 6
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Fig. lb - Amplitude of transducer element displacement
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6th COLUMN MODULE NUMBER 6
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1. References (a) thru (j) are a series of reports on Project ARTEMIS Reports by the Sound
Division that have previously been declassified.

2. The technology and equipment of reference (a) have long been superseded. The current
value of these papers is historical



3. Based on the above, it is recommended that reference (a) be available with no restrictions.
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